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THE CRITICAT PARAMETERS OF AQUEOUS
SOLUTIONS OF U02(N03)2 AND NUCLEAR

SATETY, |
B.G.Dubovskii, A,V .Kamaev, V.V.Orlov, GeM.V1iadykov, VN,

Gurin, F.M.Kuznetsov, V.P.Kochergin, 1I.P.Markelov, G.A.,Po-
pov, V.J.Sviridenk.o. |
1. The critical parameters of aqueous solutions of
UOZCNO,.‘)z.

o e

Critical experiments were performed in reflected and
unreflected right circular cylinders, parallclepipeds with
square cross section and spheres using an aqueous solution
of U0,(N04) 50

" The assembly vessels were made from grade 1C18N9T stai-
nless steel with wall thickmess of 0.1 - 0.15cn for spheres
and cylinders and 0O.3cm for parallelepipeds.

4 In unreflected experiments minimum distance from core to
room concrete walls was about 2m. :

The solution temperature was changed within the linmits
of 15 - 21°C,’ and during a particular experiment the varia-
tion was approxima‘belyiO.Boc. Aqueous solutions of UOQ(I‘IOB)2
contain nitric acid. The value of atomic ratio (5~=—':}
in solutions in experiments with all enrichments and concen—
trations of uranium was changed within the limits of 2.4 -
3,2. The changes of critical paramete rs of the solution of .
I‘]OE,(I\TO,_,,’)2 enriched to 90% in 1235 gue to the variation cf e
the solution temperature did not exceed errors caused by
uncertainty of measurement of the solution volumes and the
uraniumconcentrétions.» This»x’mcertainty does not ,‘ex_ceed
~to.5%.

The experimental data for spheres and parallelepipeds
were used to obtain the extrapolation distance and the wa~
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ter reflector savings as functions of the uranium COncentf
ration and the assembly shape. The critical dimensions for
bare parallelepipeds are presented in Table I. The Toot~
mean-square values of geometric bucklings and extrapolation
- distances for parallelepipeds were obtained from the expe-
riments by the least square method. The errors in the g0~
metric bucklings do not exceed + 2%, If stainless‘ steel ref-
lector has a thickmess T, its saving SSS satisfies the expe-
rimentally found dependence:

| bo= 0.9 T, |
which is valid for T<1ecm at all assembly shapes in the inves—
tigated range of concentrations, The extrapolation dissance
for parallelepipeds dpcrdoes not depend, within the limits
of the experimental errors, on uranium concentration in in-
vestigated region 72 - 233 g/1:

‘ dpur= 2,65 % 0,15¢m

The results of experiments with unreflected spheres and
spheres with infinite water reflector are presented in Ta-
ble II. The extrapolation distance for a sphere ds is given

by ‘ d_ﬁ' R
s — = T o

_ 2
where Bpar— buckling deduced P:g;om the measurements on
bare parallelepipeds; Ro- eritical radius of the bare sphe-
re. The extrapolation distance for a sphere in concentrati-
on region 72 - 233 g/1 does not depend on the uranium con-
centration and the surface curvature:
ds= 2,71 0.15¢m

The reflector saving due to a complex reflector from
gtainless steel and water of infinite thickness was measu-
red in special experiments on the parallelepiped, in which
the stainless steel thickness varied from 0.3 to 5cm.
‘The reflector saving due to an infinite water reflector for
the parallelepiped PMis a constant, within the limits of
the experimental errors, for uranium concentrations from
48g/1 to 150g/1:

'5Par='3‘.u't 0.3cm
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Table I.
Critical data and derived values of B§ and dpar‘
for bare parallelepipeds with square cross section
containing solution of 002(N03)2 (90% enrichment).

Cross sec- U2  Atomic Ra- Atomic Critical g2 3
tion dime- Densi-  tio f’y Ratio  Hedight  — _, par

nsion ty b Py Cem)  (em ) (em)
(cm) (g/1) v

26.66 3754
28,145 375.1
30.08 3751
32.63 375.1
35.55 375. 1

26,66 175.7
28445 175.7
30. 08 17547
32.63 17567
35.55 1757
4
4
i
4
4

46,18

36,71

31,73 0.0222 2,71
27.4 )

24,5

25,67
23,59 0.02679 2.63
21,39
19,76

27.08
24,20
22,32 0,0279 2.67
20,39
18,95

L ]
S P . . )

WWWWW | 0000 MMM [

OO0 00

26.66 109.
28445 109.
30,08 ‘ 109.
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‘ The reflector saving due to an infinite water reflector
for the spheres
§, = 5.4%0.3cm

for uranium concentration from 40 te 230g/1.

The basic experimental results are shown in Fige1.

The experiments with solution of U02(N03)20f 5% and-
10% :ln‘U235 were performed on reflected and unreflected cy-
linders (see Table III). The geometric bucklings for solu-
tions of low enrichment were obtained by using the extrapo-
lation distance and the water reflector saving from the ex-
periments with the solution of U02(1‘%[03)2 of 90% enrichment.
Tn ‘the present case an error of, say, 8% in d could im-
ply an error of 1% in the geometric buckling. The buckling
values presented in Table III were computed with an accuracy

381
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Table II.
Critical Radii for unreflected and reflected spheres containing
solutions of U02(N03)2 (90% enrichment).

Unreflected i Water reflected

Radius U235Densi— Atomic Ra~ Atomic Ra-~ Radius U235Densi—‘- Atomic Ra—~ Atomic Ra-

(em). ty (g/1). +i +i (em). ty (g/1). i +i
ém v (g o e%s io Q%U cm y (& o (JVQS in (gyeu

2061 43,2 600
19.0 50.6 500
1861 67.0 380
17.17 92,8 264
1644 112.3 208
16,14  151.,5 156

. 16,0 194 119

16,0 202.5 118

16,0 287 86

20.1 32.4 800 2
19.0 35.5 720 2
18.1 37.5 680 2
16.4 50 500 2
16.0 54 465 2
2
2
3

.

13.5 106.4 233

12,7  172.8 139
12,7 182.0 127.5

*

N DWW WD N
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Table III:
Critical data and values of B2 for Cylinders Containing solutions
of U0,(NO.), (5% and 10% enrichments).
287372
. Enrich~ 235 Atomic Unreflected Water reflected
. ment U Ratio
0235 density Qys Disme- OCriti-  d B°  Diame- Criti- Effecti- B2
(). (g/1). /// ter cal —5. ter cal ve sa— >
, P (em) %ei§ht (em) (em °) (em) ?e1§ht ving (em °)
cm cm
(em)
|> 1Q 48,2 2.5 50 37.4 2.6 0.,0128 40x) 36.8 6.0 ¢.0128
w10 42,2 3.1 50 39.7 2.6 0.0123 50) 31.7 6.0 0.0122
b 10 32.2 3.0 50 S4.1 2.6 0.,0103 50x 40.7 6.0 0.0101
10 25.0 3.0 60 60.2 2.6 0.0%767 507  70.8 6.0 0.0%763
5 25.3 2.4 80 7044 2.6  0.0%487 72.5 65.7 6.0 0.0%49

x)
No top reflector.
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of 2%. By setting the geometrical buckling in systems ha-
ving different geometries but tne same composition to be
equal, radii of reflected and unreflected spheres were ob—
tained from cylinder data of Table III (see Pig.2).

In present report +the P1 and 1’3 approximations of the ‘
mltigroup version of the spherical harmonics method have
been used for a solution of the Boltzmann's transport equa-
tion [1],[2]. The calculations have been performed on the
electronic computers., When calculating reactors in the P1
approximation, the scattering in the slowing-down region on
all nuclei except hydrogen was considered in the age~-diffu—
sion approximation. The scattering on hydrogen was calculated
exactly, The multigroup constants were calculated from the
basic crogs section data [3],[4],[5]), The resonance absorp-
tion was considered in the approximation of the narrow re-
sonancess The Doppler broadening of neutron resonances was
calculated according to Ref.[6]. The interference between
resonance and potential scattering processes was neglected,
The effective one-group constants in the thermalization regi-
on were found by means of averaging over the neutron spect—
rum satisfying Wilkins' equation(7]. The chemical binding of
hydrogen in the water molecule is taken into account by the
effective mass equal about 6, The system of constants for
hydrogen and oxygen was tested by comparison of theoretical &
and experimental values of the square of slowing~down length
(Lg) to indium resonance energy and the diffusion length
of thermal neutrons (1) (Table IV). '

Lable IV,
Source Experi- Experi- Experi- Calcula—
e W R Ry He
12 27.1 0.9  27.86 0.40 27,8 =
L 2,72 2.6 |

.
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To compare theory and experiment on the critical
masses in the wide region of concentrations it is necessa-
ry to perform all calculations in the P3 approximations.
The reactor critical dimensions can also be found with
sufficient accuracy by means of the effective one-group the-
oxry [11] taking into account the transport effects. The
calculation in the multigroup P3 approximation of the cri-
tical radius of the water reflected sphere containing so-
lution of U02(I\103)2 (90% enrichment) coincides with expe-
riment withint1.5%. The calculation of critical radius of ‘
+the unreflected sphere exceeds the experimental results by
2 - 2,56 (Fig.1). The same conclusions are drawn from the
comparison of the experiment and the calculation for solu-
tions of U0,(N0,), enriched to 10% in 1232 (Pig.2). The
single experiment for the solution of 5% enrichment gives
the values of critical radi‘ijof the reflected and unreflec-—
ted spheres exceeding the values obtained by the calculati~-
on in the multigroup P4 approximation by 1%, Thus, the cal-
culation of unreflected reactor in the region of the large
uranium concentrations is of a less accuracy than calculati-
ons of reflected reactor., The calculation of the reflected
sphere critical radius as a function of concentration (90%
enrichment) at the various nitrogen to uranium ratioes
shows, that the minimum radius of reflected sphere increa-
ses by 7 - 8%, when atomic ratio ?%U increases from 2 to
6.3, The maximum difference of critical radii calculated
by the one-~ and multigroup PB approximations is 2,5 - 3%
and increases with the increase of concentration.

The material buckling of the solutions of U02(N03)2 is

caleulated by 2 gt z
. B - R3 + d~ S

where R3 — the critical radius of the bare sphere in the
multigroup P3 approximation; ds- theextrapolation distance

in the P, approximation: dg = —g— - Ry g where B? - the
: ‘ i

1

381 :
-7 -

A}

Approved For Release 2009/08/17 :CIA-RDP88-00904ROOO10100019

e




. ,. Cot fo AN S
Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100001-9

material buckling in the }?1 approximation; R1 - . the criti-
ocal radius of the bare sphere computed in the multigroup
‘ P1 approximation with energy - dependent extrapolation dis-
tance., The extrapolation distances for an infinitely long
cylinder ( d.) and a slab of infinite area (dse) were com—
puted on the assumption that the 1inear extrapolation dis-
tance is independent of the core shape. The dependence of
ds, dc and dse on the uranium concentration is shown in
Fig.1, The extrapolation distance increases with the incres-
ing of concentration and the curvature of the core surface.
The difference between the experimental and computed values
of the extrapolation distance for the sphere is as much as
7%« The difference in the material buckling for the soluti-
ons of 90% enrichment in the concentration region 72 - 233
g/1 1is as much as 8%. The basic difference (7%) is due to
the discrepancy of the computed and experimental values of
the critical radii of the bare spheres, The discrepancy in
the extrapolation distance of 7% leads to discrepancy in the
buckling, which is no more than 1%. For the solution of 5%
and 10%~enrichments the discrepancy between the calculation
and the experiment is as much as 6%: 1% due to the differen-
ce in the extrapolation distances, 5% due to the difference
in the radii of bare spheres.

The water reflector saving for sphere is found as dif-
ference between the critical unreflected and reflected di-
mensions. According to the calculation the reflector saving
is directly proportional to the uranium concentration (the
curve 4 in Fig.1). The discrepancy between the calculation
and the experiment is as much as 10%,

The empirical kernel method (12] is one of the methods
dealing with criticality problems. In this method the criti-
cal condition is obtained from a measured kernel without
recourse to any mathematical model +to describe the neutron
slowing-down process. The empirical kernel method can be
appiied to bare cores containing a dilute solution of U23‘5

381
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in water if: 1) fission is confined to thermal region;

2) the core dimensions are such, that one can neglect the
energetic dependence of the extrapolation distance. The
systems containing the solutioms with the large concentra-
tion of U235 do not satisfy these requirements. Unfortmne~
tely there are no data concerning the influence of the dis-
placement of water by the molecules of U02(N03)2 on the
neutron slowing-down in the solution. In the present report
this problem is considered qualitatively. One can assume |
[12] that there is no correlation between neutron leakage
and neutron absorption. According to the asymptotic theory
for a bare uniform reactor the condition for the criticali;-

ty has the following form [12] :
— — BR°A

T .
K(8;14€ %[kmﬁ’fé%%J: Low

provided the <thermal group is respomnsible for major part of
| fission. K (B;1.l_1,) is ‘the nonleakage probability for neutrons
I reaching 1.4ev, K (B;1.4) was computed by M.N.ILantsov [13]
' C from the experimental data of Hill, Roberts and Fitch (14]
in such a2 way that the square of the slowing-down length to
jindium resonance energy in the water is 27.8cm”, The quanti-
ties Kooy, kmt}‘ are computed in the multigroup P1 approxi-
‘ mation. The material buckling B2 found from eq.(1) is pre-
; - sented in Fig.1 (curve 3a). In computing B no account has
been tokern of the effect of the displacement of water by the
molecules of UOZ(NOB)E' The comparison of the curve 3a and
the experimental data for the parallelepipeds shows, that
| this assumption is not justified. Hewrite (1) as

: K (= 14) B k ————{t""*“]—i
. | K((N' WA | ”f+fi+8‘°‘ﬁ T (18)

where Q - the effective density of hydrogen in the solution;

‘ol - u factor, taking into account the influence of the mo-
— lecules of U02(N03)2 on the nonleakage probability K (Bjle4). -
The comparison with the experimental values of the geomet-

_ - ric buckling shows, that noln decreases with increase of
B 7 ypanium concentration (curves Bb;->'3c, 3d, 3e -in Tigel)s -

AN

Approved For Release 2009/08/17 CIA-RDP88-O904ROOO1001000O1-9



| Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100001-9

This fact indicates, that the importance of scattering col-
lisions with nonhydrogen atoms increases with increase of
uranium concentration. The calculation for 90% enrichment
shows, that at the same uranium concentration material
buckling decreases with atomic ratio P%u’ 80% being due
to decrease of hydrogen density and 20% being due to nitro-
gen absorption, For uranium solution of lower enrichment
the importance of nitrogen absorptibn increases.

2, The effectiveness of heterogeneous neutron
absorbers in aqueous solutions of UOZ(NOBIE‘
(10% and 90% enrichments). '

Critical experiments with neutron absorbers have been

carried out in cylindrical assemblies 40cm and 110cm in di-

ameter. Single cylindrical and circular absorbing rods, a
group and a lattice of absorbing rods were inserted into
a core of assembly, with contained solution of U02(N03)2.
Two neutron absorbing materials were used: 1) a cadmium
sheet of 0.05cm thickness; 2) boron carbide powder of 1.25
g/cm3 density. The neutron absorbers had the stainless
steel sheaths, ‘

The ‘experiments have been carried out under conditions
described in section 1. The unceric ~*v of measurement of
the solution critical heights is estimated at no greater
than * (1.5 - 2%).Assembly of diameter 40cm. The effective-
ness of a central cylindrical absorbing rod extending throu-
ghout the whole length of a cylindrical core depends on the
material of a rod, its diameter and uranium concentration
in solution. The absorbing rod is a2 stainless steel tube
which contains *he absorbing material. In experiments with
the boron carbide rods the sheath thickness was varied
(Fig.3). The presence of steel sheath leads to two contrary

- effects: 1) screening of boron carbide;' 2)displacement of

solution, It appears from Fig.3 that the displacement effect

prevails. The effectiveness of central absorbing rod consis-

ting of boron carbide with steel sheat was computed accor-
381 -~ 10 - -
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ding to one~dimensional reactor code in multigroup P1 app-
roximation on electronic computer. The effective boundary
condition on the outer surface of the absorbing rod depends
on the albedo of the rod. The albedo of the canned rod was
computed according to the method proposed by EeI.Grishanin
(15]. The calculation agrees with the experiment (Fige.3)
within 10 - 25%. The agreement improves with the increasing
of rod diameter.

The experimental comparison of the e:t'i’eot:.veness of
central boron carbide rod and central water-moderated cad-
mium rod is shown in I‘lg.u. If rod diameter is less than
approximately two slowing-down lengths (2L, ) boron carbide
rod is more effective than water-moderated oadm:.um rod.
With an increase of rod diameter the selfshielding of boron
carbide rod decreases its effectiveness, while the number
of neutrons slowed-down in the water-moderated cadmium rod
below the cadmium cut-off and absorbed by cadmium is increa~
sed. If the rod diameter is more than ZLS, the boron carbide
rod is less effective than the water-moderated cadmium one.

The experiments on a systenm (a rod in the centre and a
ring of equidistantly placed rods) of boron carbide rods

- (outer diameter 5.8cm, sheath thickmess O.l4cn) and water—mo-

derated cadmium rods (outer diameter 5.7cm, sheath thickmess
0.55cm) were also ocarried out. The effectlveness of a sys-
tem of absorbing rods reaches its maximum (Flg.S)

at certain distance between rod centers. This distance de-
pends on the uranium concentration, rod type and reactor

-refleotor.

‘The effectiveness of annular boron and cadmium a’bsor—
bers versus its mean radius is shown in Fig.6. The annular
gap thickness is 0.6cm, the stainless steel sheath thickmess
is O.1cm. As seen from Pig.6, the optimal mean radius of
annular absorber in a bare core is about 0.45R, where R -

“padius of 2 core. Similar experiments in a reflected reac-

tor give the optimal radius of the absorber equal about
0.53R. The annular absorbers with boron carbide are more ef-
381 - -1 - ‘
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fective than the absorbers with cadmium. When £illing with
water the annular absorber containing two coaxial cadmium
cylinders i1ts effectiveness increases with thickness of wa-
ter gap (Fig.7). |

Assembly of diameter 110cm; In cxritical experiments
on assembly 410cm in diameter the effectiveness of absorb—
ing rods arranged in triangular lattice was found. 'l‘hé con-
trol rod is the stainless steel tube (outer diameter 5¢.5cm,
sheath thickness 0.5cm), which contains the boron carbide
powder. The positioning and the fixation of absorbing rods
in lattice were provided by two steel plates 1.7cm in thick-
ness (one of them placed on the core bottom, the other on
the top of the core vessel) The results of the experiments
are represented in Table V,

For estimating the effectiveness of the absorbing-rod
lattice the core was divided into two homogeneous regions:
region occupied by the rods and region free of rods, The
a‘bsorp’cion in the rods is found from the analysis of regu-—
lar lattice by the method of an equivalent cell with an ef-
fective boundary condition on the absorbing rod surface. In
the case of a dense lattice allowance is made for a mutual
screening of rods. The absorbing propertiesofarrodin a cell
are characterized by an effective macroscopic cross section
‘ Ze pp(U) determined by the rod composition, the lattice
spacing and the neutron energy. The energy dependence
can be obtained by either the group method(16]or the age-di-
ffusion approximation. Let us assume that in the age—-diffu-
sion appronmation the neutron slowing—down density can be
‘represented by: : g Le 4y S%Do; '

| J30s ST
gw=R, Qe " |

0

The basic energy dependence is represented by the exponenti-
al. The function R, (Q) y which gives the spatial distributi-

on of the slowing—down density, satisfies equation:
381
- 42 -
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AR, (p)+;»e R. (P)

with appropriate boundary conditions [16]. Computrd in the
P1 approx:.matlon critical heights of solution in assembly
110cm in diameter with triangular lattice of rods (outer
diameter 5.5cm and sheath thickmess 0.5cm) are presented
in TableV, The calculation onE p(UW) was carried out in
age-diffusion approximation taking into consideration the
mitual sereening of absorbing rods in a dense lattice. The
dependence of the diffusion and slowing-down properties of
the region f£illed with rods on lattice spacing was not ta-
ken into account. It understimates the cri‘clcal calculated
‘ heights. The comparison of calculation and experiment shows,
. that the age-diffusion method of calculationo (U) over-
stimates the rod effectiveness at a dense lattlce and un-
derstimates the rod effectiveness at widely-spaced lattice,

Iable V.
Critical heights of solution of U0 (NO )2 in
- assembly SZS 110cm with side and bottom reflector.
The lattices of absorbing rods ¢5.5 x 0,5cm,

Lo No. U235 Uranium Lattice Rod Critical Height H

Enrlch-?ensity spacmg Number H (cm) cale

ment g/1) (cm) ‘ Calcula~ Experi—Hex
, ’ tion ment
B exp -
et ' ‘ (%)
2 10 420,5 22,8 19 S 27,4 - -
3 10 420,5 18.4 31 - 34,2 -
4 90 37.5% 13.4 51 - 102 -
5 90 37451 22.8 19 23.3 23,0 +1.5
1 6 90 3751 15.2 41 38,8 40 -3
: 7 90 37.51 7.6 i1 26,1 24,7 +6
B 9 90 745,87 15,2 40 20,3 20,0 +1.5 | |
777777 : 10 90 74487 13.2 51 2344 2442 - 3.0 ——
1177 90 152,3  21.2 19 13,2 13,3 +1.0
12" 90 152.3 7.6 61 14,6 14,5 +1,0
M'Without plate on core bottom.. v el
38 . o] B SR B —
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8 [ = \ Pig.1. Critical parameters of U(90)02(N03)2 - H,0 soluti-
- I ”;/" ] ons. Ratio i)*_“; = 2.5. Radius of sphere R:1 - reflected 2 - ba-
. wlee !
e v wl | re; O, ® - experiment;— - Py multigroup computation; —-P,
; zs%/_[;;; one ~ group computation.
o 2w 2 W awCH "5 Mater:.al buckling B2° 3 - by Kernel method, a - from XK(B)([13]),
; @ p - K( 05), ¢ - K(=x °5)5 d - K( (ms), e - K(—) () - experiment,
20 - 3 10,08 B - compu:l:atlon by 'BT= [m] - 4 - re.;leetor saving 6 H
| /%é§ =-§i3§ : 5 - extrapolation distance d: & - for sphere; b - for infinitely
20 . 10,02 long cylinder; ¢ - for slab of infinite area; experiment:
@ - sphere data; [] - parallelepiped data.
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e \ : Pig.2. Critical parameters of U0 (NO ) - H,0 soluti-
QF \ Ve ons. Ratio -—':l = 2.5. Radius of sphere R 1n P3 multlgroup
60 uo. computation: 1 - 10%, 2 - 5% enrichments; a -~ bare, b - wa—
: { @ ter reflected. 2
- 0,015 2 o 3
\ ,/'-__" Material buckling B = [R3+d ] 3~ 5%, 4 -~ 10% enrich~
@ \ / - 0,010 ments.() , ® s P - experiment (from cylinder data).
/\\'*u . 0,005
//‘ s :s
0 30 %0 70 °
' C.. %

o N NN Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100001-9



28

2a

/

N
NN

y/4

o 1 2

absorbing rod_ radius

(90% enrichment).

‘O.4cm in thickness.
‘a - experiment;
b - computation.

5] y g T ] 5 .
f Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100001-9

r.cm

Fige3. Critical height
increment as a functign of
on

4 - steel sheath 0,03 - 0.05
cm in thickness; 2 — sheath
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Fig.l4. Critical

40cme. Uranium concent—
ration 136 g/l. Steel
sheath O.1cm in thick—
ness.

height as a function
1 of absorbing rod diame-
‘boron carbide). Bare assemb— ter. Bare assembly ¢

ly of 40 cm diameter. Ura-
nium concentration 72 g/l

A - water-moderated

® - boron carbide rod.

cadmium rod;

H,cm

Y/

22 \\\\\ \\

6 10 14 d,cm

Fig.5. Effectiveness of seven
absorbing rods as a function of dis-
tance A between their centers.
Assénbly of 40cm in diameter with
side and bottom reflector (90% enrich~
ment).

® ~ boron carbide rods. Steel
tube 5.8 x O.,4cm in diameter.

Cy = 289 g/1.
- water moderated cadmium rods.
Steel tube 5.7 x 0.55cm in diameter
contains cadmium tubeds.6 x 0.05cm.
Cv = 457 g/l.
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0 4 8 L’cr;z 16 10, . o e
L,cm
| i Fig.6. Critical heigh't as a function of . Fig.7. Critical height as a function
i mean radius of annular absorber L. . of mean radius of annular water - modera-
Bare assembly 40cm in diameter. Steel sheath of ted absorber L. Assembly @ 4O.with side
absorber O0.1cm in thickness (90% enrichment). and bottom water reflector. Steel sheath
f 1. .Boron carbide absorber. Annular gap thickness 0.1cm in thickness. Uranium concentrati-
' '0.60m. 2. Cadmium absorber. Cadmium thiclmess on 289 g/1 (90% enrichment).
| 0.05cm. i . Distance between two coaxial cadmium cy-
A - uranium concentration 76 g&/1; linders: = A = 2.5cm;
@® - uranium concentration 289 g/l. @ -5ocm
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